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STRESS AND EFFICIENCY STUDIES IN EDGE-DEFINED
FILM-FED GROWTH

MOBIL SOLAR ENERGY CORPORATION

J. Kalejs

TECHN.OLOGY
ADVANCED MATERIALS RESEARCH TASK

REPORT DATE
Aer1L 30, 1986

APPROACH
STRESS AND EFFICIENCY STUDIES IN EFG

CONTRACTOR

MOBIL SOLAR ENERGY CORPORATION,
ACT NuMBER 956312

GOALS
® TO DEFINE MINIMUM STRESS CONFIGHRA-
TION FOR SILICON SHEET GROWTH.

€ TO &'ianTIFY DISLOCATION ELECTRICAL
ACTIViTY AND LIMITS ON CELL
EFFICIENCY.

@ TO STUDY BULK LIFETIME DEGRADAT!ON
DUE TO INCREASE IN DOPING LEVELS.

STATUS:

o STRESS ANALYSIS SHOWS POTENTIAL FOR
REDUCING SHEET STRESS AT LOWER GROWTH
SPEEDS (K2 cM/MIN FOR EFG) ExisTs:

~ WHEN SHEET EDGES ARE COOLER THAM
CENTERLINE,

- REDUCTIONS SENSITIVE TO CREEP
BELOW 1200°C,

o QUANTITATIVE RELATIONSHIPS ESTABLISHED
BETWEEN L AnD Ny FOR FZ siLicown
STRESSED ABOVE 900°C:
= L ~ Nd-lll't
- PoINT DEFECT CONTRIBUTIONS TO

DEGRADATION DEF INED.

o DopanTs IN EFG MATERIAL SHOWN TO
INFLUENCE DISLOCATION ACTIVITY, POINT
DEFECT RECOMBINATION,

Topics of Presentation

o BRIEF SUMMARY OF work 1982-86,

o DEVELOPMENTS SINCE 25TH PIM.
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Stress Studies, 1982-1986: Accomplishments

o DEVELOPED FINITE ELEMENT ANALYSIS FOR CALCULATING RESIDUAL
STRESS WITH PLASTIC DEFORMATION [N HIGH SPEED SHEET GROWTH
{wiTH Pror. J. HuTcHinson, Harvarp U,),

¢ VERIFIED QUANTITATIVE FINITE ELEMENT MODEL FOR EFG conTROL
VARIABLE RELATIONSHIPS/TEMPERATURE PROFILE CALCULATIONS
{with Pror, R.A. Brown, MIT),

o DEVELOPED RESIDUAL STRESS MEASUREMENT TECHNIQUE FOR EFG
MATERIAL USING SHADOW MOIRE INTERFEROMETRY
(wiTH Pror, S, DanvLuk, U, ofF ItLinots AT CHicaGo).

o TRANSIENT CREEP INVESTIGATED IN snbxcog ForR 800-1400°C 1N
sTRAIN (1077) anu STRAIN RATE (107" s™) ReaiMes of
SHEET GROWTH,

Defect Electrical Activity Studies, 1984-1986:
Accomplishments

o DEVELOPED QUANTITATIVE MINORITY CARRIER DIFFUSION LENGTH
MEASUREMENTS FOR DISLOCATED, INHOMOGENEOUS MA” _“TAL
usinG EBIC,

o OBTAINED QUANTITATIVE DATA ON DOPANT (B, GA) INFLUENCE oW
DEFECT DENSITIES AND ELECTRICAL ACTIVITY IN EFG MATERIAL.

Dislocation Electrical Activity

o L vs, Ny RELATIONSHIPS ESTABLISHED FOR FZ SILICON STRESSED
IN TEMPERATURE RANGE 900-1400°C

- MICRODEFECT RECOMBINATION LIMITS IN
Ng 10 cm2 ReGloNs,

- DISLOCATION EFFECTS GIVE L ~ Nd'l/“ ABOVE
Ny THRESHOLD THAT DEPENDS ON MICRODEFECT
RECOMBINATION LEVEL,

o CONTRAST TO AS-GROWN DISLOCATION ACTIVITY FOR WHICH
L~Ng12 ey,
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Diffusion Length Dependence on Heat Treatment and
Dislocation Density
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ADVANCED SILICOM SHEET

EBIC Line Scans of Dislocations in High and Low Resistivity
EFG Silicon Ribbon

&

EBIC Signal

Scan distance x'

—— 0.200-cm Galllum

1.0 um woverseor 5.00'3"' .o’on
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ADVANCED SILICON SHEET

ORIGINAL Py
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Dislocation Versus Point Defect Limitations on Lifetime

® RESULTS SUGGEST ELECTRICAL ACTIVITY OF GROWN=~IN

DISLOCATIONS DIFFERS FROM CREEP-RELATED
DISLOCATIONS.

oL~ Nd']-/ it ~Nd'1/ 2} DEPENDENCE MAY BE RELATED
TO DISLOCATION “DEBRIS” OR TOTAL AREA SWEFT OUT
1Y DISLOCATIONS, REQUIRES POINT DEFECT-DISLOCATION

INTERACTION DYNAMICS TO BE INCLUDED,

o L IS NOJ EQUAL TO MEAN DISLOCATION SEPARATION
2 =Ng~1/2 For ANY SITUATION, INDICAYING ONLY

SMALL FRACTION OF CORE SITES ARE tCTIVE,
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ADVANCED SILICON SHEET

Future Directions for Electrical Activity Studies

DEVELOPMENT OF PASSIVATION SCHEMES FOR DEFECTS AND
PROCESSING/PASSIVATION OPTIMIZATION CRUCIAL TO
VIABILITY OF CURRENT SHEET MATERIAL FOR LOW-COST
PHOTOVOLTAIC INDUSTRY,

CurRrReNT EFG StATuS:

L: 100-200 microns
ny  13-157 (45 cM AREAS)

FUTURE REQUIREMENTS:

L: 200-300 Microns
n: >16%

FUNDAMENTAL NEED IS FOR DEVELOPMENT OF MODELS FOR
AND IDENTIFICATION OF RELATIVE CONTRIBUTIONS OF

POINT DEFECTS AND DISLOCATIONS TO LIFETIME
LIMITATIONS, PARTICULARLY IN LOW RESISTIVITY SILICON,

¢ [ INITE ELEMENT MODELING OF EFFECTS OF TRANSVERSE ISOTHERM

NONUNIFORMITY UN STRESS
- P, Mataca, J. HurcHinson (HarvarD U.).

o STRESS REDISTRIBUTION IN FINITE SIZE BLANKS
- L. Bucciarerr: (MIT),

o STRESS RELAXATION MEASUREMENT IN SILICON BETWEEN
800°C anp 1200°C

- PLANS FOR EXPERIMENTS.,
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ADVANCED SILICON SHEET
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Transverse Isotherm Effects: Conclusions

o NONUNIFORMITY LEADS TO HIGHER MAXIMUM STRESS IN THE SHEET
- INCREASES TENDENCY FOR BUCKLING,
- INCREASES DEFECT DENSiTY.,
- ONLY EDGE COOLING REDUCES RESIDUAL STRESS.

o SIGNIFICANT COMPENSATION FOR HIGH AXIAL TEMPERATURE PROFILE
NONUNIFORMITY CANNOT BE PRODUCED FOR MODERATE (100-3009C)

EDGE COOLING.,

o RESIDUAL STRESS DISTRIBUTION IS FUNDAMENTALLY ALTERED

- POSSIBLE THERE ARE TEMPERATURE DISTRIBUTIONS WHICH
REDUCE STRESS TO ZERO,

- CREEP BEHAVIOR BETWEEN 800°C anp 1200°C NeeDS To BE
STUDIED,
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Coordination of Frame and Stress

Sign Convention

Components

FIGURE 1.

—> X
direction of ribbon growth

COORDINATE FRAME & STRESS COMPONENTS

SIGN CONVENTION
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o Residual Stress Distribution in Semi-Infinite Ribbon
; ; Note y=0. is ribbon center line

Note ntgmlxx is plotted; other stresa components are zerc.
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Stress Component Variation with “x’" aty = 0.0

Note:  Half length of ribbon L = 4*(the half width)
Note: For x negstive:
sigma__ is sy.umetrical
xx
llgmuyy is symmetrical

-lglnxy is a-symmetrical
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ADVANCED SILICON SHEET

Stress Component Variation with ‘’x’" aty = 0.5
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Stress Redistribution in Finite Size Blanks: Summary

o METHOD FOR CALCULATING SHEAR FLOW DEVELOPED
- CAN BE OBTAINED FOR ANY SIZE BLANK,

- CAN BE RELATED TO GROWN-IN THERMOELASTIC STRESS IN
SEMI-INFINITE SHEET,

® SIGNIFICANT STRESS REDISTRIBUTION AT BLANK END PRODUCES
LARGE TENSILE NON-ZERO Oyy COMPONENT .

Stress Relaxation Measurements in Silicon (800°C - 1200°C)

¢ PREVIOUS CREEP MEASUREMENTS OBTAIN

3

, O CONSTANT
CONSTITUTIVE LAW: € ~ F(T) oV
o RELAXATION MEASUREMENTS WILL OBTAIN

gg + € CONSTANT
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